INTRODUCTION
Environmental contamination with heavy metals, is implicated in many plant and animal diseases and causes crop losses. This universal problem, poses a challenge with a price tag for remediation estimated at upward of $200 billion, in the US alone (Abhilash et al., 2009 ). In bioremediation, microbes and plants are used as ecological remediators, to reclaim the clean environment at a limited cost. Toxic heavy metals can be eliminated from the soil, by specialized microbes and plants, termed as hyper accumulators, which are capable of accumulating and tolerating the toxic levels of the heavy metals in their shoots (Cunningham et al., 1995; Salt et al., 1998) . However, this ability of bioremediation is limited to few organisms. A promising way of improving the bioremediation potential would be to genetically engineer the organisms with enhanced abilities to tolerate and accumulate toxic heavy metals and metalloids. Though many efforts have been made to engineer the microbes and plants for an enhanced metal accumulation potential, but limited success was achieved in this direction (Brunetti et The heavy metal cadmium (Cd) and metalloid arsenic (As) are among the most toxic carcinogenic elements, which show high affinity towards thiols (Tripathi et al., 2013) .Cadmium is a widespread heavy metal that is mainly released into the environment by anthropogenic activities and it is highly toxic to both plants and animals. Cadmium decreases the growth rate of plants by affecting various aspects of metabolism, mainly in normal uptake and utilization of macro and micronutrients (Metwally et al., 2005) . Similarly, two common forms of arsenic in the environment are the oxyanions, arsenate (As V) and arsenite (As III). As V interferes with phosphate metabolism, while As III has a high affinity towards sulphydryl groups and binds to proteins affecting their structures and catalytic Plants have developed various defence mechanisms for protection against various environmental stimuli.
Exposure of plants to heavy metals, such as cadmium, arsenic, mercury or lead, promotes the synthesis of plant metal chelators, viz., metallothioneins (MTs) and phytochelatins (PCs) . MTs are small Cys-rich proteins encoded by multigene families; while, PCs are enzymatic ally synthesized Cys-rich polypeptides that are likely to be ubiquitous in plants, and possibly present in animals also (Lee et al., 2002) . The thiol group of Cys has been reported to play an important role in both the homeostasis of essential heavy metal ions and the sequestration of various non-essential toxic metal ions at the sub cellular level (Rauser, 1995) .
PCs are a family of cysteine-rich, thiol-reactive peptides that bind many toxic metals and metalloids, making them good candidates for genetically enhanced phytoremediation strategies (Cobbett and Meagher, 2002) . PCs were first identified in the yeast Schizosaccharomycespombe and subsequently have been found in plants, fungal species, marine diatoms and certain animals (Cobbett, 1999) . PCs are non-translationally synthesized small polypeptides and are synthesized by the transpeptidation of γ-glutamylcysteinyl dipeptides from glutathione (GSH) with the help of Phytochelatin Synthase (PCS). PCS is a constitutively expressed enzyme and it is known for its post-translational activation in the presence of heavy metals. PCS genes have been identified in many organisms such as Arabidopsis In this paper, we report the effects of overt expression of Arabidopsis AtPCS1 genes in E. Cali. We investigated whether the over-expression is capable of increasing Cd and As tolerance in the recombinant E coli.
MATERIALS AND METHODS

Atpcs1 Isolation and Cloning
Total RNA, from 15-day-old Arabidopsis seedlings (ecotype Columbia) was isolated using the RNeasy plant mini kit (Qiagen) following the manufacturer's instructions. Two micro grams of total RNA were reverse transcribed using the 
Development of Recombinant E. Coli Expressing Atpcs1 and Protein Accumulation
The CDNA coding sequence of AtPCS1 from pBSSK (+) was excised by BamH I and EcoR I and was sub-cloned downstream to T7 promoter in frame with 6X His-tag of pET-21a (+) expression vector, which was introduced into E. coli 
Estimation of CD Accumulation in E. Coli
For quantitative determination of cadmium, E. coli cells grown for 5 h in the presence of IPTG and Cd (100µM)
were harvested, rinsed three times using LB medium and dried at 60°C for 2 days. Dried cells were digested in HNO 3 (70 %)/HClO 4 (30 %) and mineralization was carried out in a microwave oven as described by Dwivedi et al. (2010) . The level of metal was quantified using inductively coupled plasma mass spectrometer (Agilent 7500 cx).
RESULTS
Cloning and Bacterial Expression of Atpcs1
An approximate 1.5Kb cDNA coding region of AtPCS1 was amplified employing total RNA isolated from (Fig. 2B) . Furthermore, marked increase in the As intracellular metal content was also observed when bacteria were grown on As-enriched medium. In contrast, no significant intracellular accumulation of these metals could be detected when E. coli without Atpcs1 gene were grown on metal-enriched media.
DISCUSSIONS
Phytochelatins, a class of post translationally synthesized peptides, play a pivotal role in heavy metal, primarily
Cd, tolerance in plants and fungi by chelating these substances and decreasing their free concentrations. PCS is constitutively expressed, but its activity is dependent on the presence of a heavy metal (Vatamaniuk et al., 2004) . This investigation deals with cloning of Arabidopsis phytochelatingene (AtPCS1) and its effects on tolerance to Cd in E. coli Upon IPTG induction E. coli Rosetta (DE3) pLysS cells expressing AtPCS1 revealed a characteristic band corresponding to 56.3kDa band of the expected size, whereas the uninduced cells failed to exhibit this band (Fig.1 ). E. coli Rosetta (DE3) pLysS cells expressing AtPCS1 led to significant tolerance when grown in the presence of Cd ( Fig. 2A) possibly by the synthesis of PCs by PCS activity. The expression of AtPCS1 enhanced cellular Cd content ranged between 23% and 35% in recombinant E.coli cells. Earlier, it was reported that growing bacteria and yeast expressing At PCS on from free radicals, reactive oxygen species to heavy metals (Rabenstein, 1989 ) and detoxifying them, resulting into tolerance (Chaurasia et al., 2008; Gill and Tuteja, 2010) .
CONCLUSIONS
This investigation deals with the cloning and expression of Arabidopsis phytochelatin synthase gene (AtPCS1) in E. coli. The recombinant E. coli showed both enhanced tolerance and higher accumulation of Cd compared to the respective control.
